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METHODS FOR CELLULAR PAY PHONE/DEBIT PHONE SUPPORT 

FIELD OF THE TNVF.NTTON 

The present invention relates to a method and apparatus for providing both 
5 charge rate.support and Authentication and Privacy for cellular pay phones and debit 
phones in an analog/digital communications system. 

BACKGROUND OF THE TNWNTTO^ 

Recently, there has been a rapid growth of industry and residences into rural 

10 and isolated areas. Thus, more people are having to spend more time in what used to 
be rural and isolated areas. Since there are more people in these areas now, there is 
now a need for additional telephone support in these areas. For example, there is a 
need for pay phones throughout these areas to allow people to make telephone calls. 
Pay phones are phones in which a user pays for the call using money or credit cards 

15 and they are usually placed in public areas. The cellular pay phones are fixedly 

installed but are connected via radio signals to a cellular system, thus the term cellular 
pay phone. Debit phones are regular cellular phones with a prepaid number of call 
credits. Debit phones are typically used in markets where fraud or the occurrence of 
people not paying their bills is prevalent. Typically, pay phones are connected to land 

20 line systems by telephone cables. However, it can be very expensive to run new land 
line cables to isolated or rural areas which did not previously have land line telephone 
service. In addition, the cellular provider may want to provide pay phones in areas in 
which the cellular provider does not have a land line system. Furthermore, the cellular 
provider may want to provide cellular pay phones on public transportation vehicles such 

25 as trains or buses. 

Figure 1 illustrates a cellular communication system which can provide support 
for cellular pay phones and debit phones. Figure 1 illustrates 10 cells, C1-C10, of a 
cellular radio system. For each cell, there is a corresponding base station B1-B10. 
Remote stations which can either be cellular pay phones, debit phones, or regular 

30 cellular phones are shown as M1-M10 Some of the remote stations may be moved 
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within a cell and from one cell to another. A mobile switching center MSC is 
connected to all of the base stations by cables or other fixed means, like radio signals. 
The MSC is also connected by cables or links to a fixed public telephone network or a 
similar fixed communication network. The MSC communicates with the remote 

• 5 stations by sending signals or commands to the base stations wherein the base stations 
transmit and receive the appropriate signals to and from the remote stations. 

One requirement for pay phone/debit phone service is that the pay phones/debit 
phones need to be given charge rate information, a currency unit per time unit, for each 
call so that the user will know how much money to deposit into the machine or how 

10 much money is going to be charged to a credit or debit card for the call or how many 
monetary units will be removed from the prepaid amount in the debit phone. This 
charge rate information can be provided in several ways. For example, in some 
systems, the pay phones/debit phones can have a chart of different charge rates which 
are selected by analysis of the called numbers. The problem with this arrangement is 

15 that every time the system operators change the rates, the chart stored in each pay 
phone/debit phone needs to be upgraded. There is also a need for authenticating the 
users of a pay phone. If a user is not authenticated or a simple authentication algorithm 
is used, the pay phones may be cloned or calls hi-jacked enabling people to make calls 
without being charged. Some analog AMPS (Advanced Mobile Phone Service system) 

20 operators have introduced pay phones into their cellular networks using Charge Rate 
Order messages (CRO) to send the charge rate information to the pay phone/debit 
phone. However, Authentication and Privacy functions, e.g. Authentication, disabling 
DTMF, and enabling/disabling encryption, are no longer available. The Charge Rate 
Order is a standard function in the British TACS system which happens to also work in 

25 AMPS systems but only as a non-standardized proprietary function. In some systems, 
the Charge Rate Order is based upon giving the cellular phones a special subscriber 
category (MCH) which differentiates them from ordinary cellular subscriptions. When 
a call is made and the mobile switching center detects that the called party has answered 
the call, the MSC checks the MCH category of the originating phone. If the category 

30 indicates that the cellular phone is indeed a pay phone/debit phone, the CRO function 
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within the MSC sends a message to the pay phone/debit phone through the appropriate 
base station indicating that the called party has answered the call and which charge rate 
is to be used during the call. 

However, there are several problems with using charge rate order functions. 
5 First of all, the charge rate order is a standard TACS function only and is not 
standardized in AMPS/D-AMPS systems. Furthermore, when authentication and 
Privacy was introduced into AMPS/D-AMPS systems, a spare air interface order code 
was used for authentication which happens to be the same air interface order code as 
charge rate order that a TACS uses. Thus, the charge rate order message can no longer 

10 be used to send the charge rates in AMPS/D-AMPS systems. In AMPS systems, the 
Charge Rate Order message can no longer be used to send the charge rates without 
disabling Authentication and Privacy. Finally, charge rate order only worked with 
analog channels on AMPS systems, which is now a problem since some cellular 
systems now support both analog and digital channels. 

15 As noted above, the TACS system provides a Charge Rate Order function. In 

addition, the TACS system provides an Authentication function. However, the 
Authentication function uses a simpler security algorithm and does not provide the same 
level of protection against cloning. Furthermore, the TACS system does not provide 
message encryption (enabling/disabling). 

20 In the Pan-European digital TDMA cellular system known as the Global System 

for Mobile Communications (GSM), a remote station is supplied with charge advice 
information (CAI) at the charging point on a per call basis, in a signalling message over 
the radio interface. The CAI service is provided in the GSM specification as an 
original/specific service. The remote station receives at the beginning of each call, and 

25 as necessary during the call, a message containing the charge advice information. The 
charge advice information contains a plurality of elements which define various 
parameters associated with calculating the cost of making the call. The remote station 
uses the CAI elements to compute an advice of charge (AOC) value for the relevant 
call. 
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Also, as noted above, the AMPS/D-AMPS systems do not support charge rate 
orders. It is not practicable to introduce a specific dedicated message for this function 
in the AMPS/D-AMPS system for several reasons. First of all, it would require 
upgraded software not only in the mobile service centers and remote stations, but also 
5 in radio base stations. That is. to use a solution according to GSM, all old base stations 
where a pay phone is to be connected would have to be upgraded. Furthermore, a debit 
phone roaming into an area served by old, non-upgraded base stations, would not work. 
Furthermore, it takes time to standardize and implement new messages in the AMPS/D- 
AMPS system. Thus, there is a need for a solution where only the MSC software and 
10 the pay/debit phones need to be upgraded in order to provide appropriate cellular 
coverage. There is also a need for performing this upgrade without disabling the 
Authenticating and Privacy capability. 

SUMMARY OF THF. T NVENTTON 

15 11 is 5111 ob i ect of the present invention to overcome the problems cited above by 

providing a method and apparatus for providing pay/debit" phone support in analog and 
digital cellular communication systems by using existing methods (TACS Charge Rate 
Order and AMPS Authentication and Privacy) and existing air interface messages in a 
non-standard manner. The Charge Rate Order function is used as specified in TACS 

20 but without several Charge Rate Order codes which have been reserved for 

Authentication and Privacy. The Charge Rate Order or Authentication and Privacy 
functions include sending mobile station control messages to the mobile station. 

According to one embodiment of the present invention, a communications 
system which provides support for at least one cellular pay phone/debit phone is 

25 disclosed. The system has cellular control means for providing cellular communication 
services to the pay phones/debit phones so as to allow the pay phones/debit phones to 
communicate with other phones. The system calculates a charge rate for a call being 
made by a pay phone/debit phone and sends the charge rate to the pay phone/debit 
phone in a standard air interface message which is being used in a non-standard 
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manner. The message contains information which allows the pay phone/debit phone to 
determine the charge rate. 

According to another embodiment of the present invention, a method for 
providing cellular pay phone/debit phone support within a cellular system is disclosed. 
The cellular system comprises at least one mobile switching center which can be 
connected to other communication systems and at least one base station controlled by 
said mobile switching center. A special category code is assigned to each pay 
phone/debit phone and is stored in the mobile switching center. When a pay 
phone/debit phone makes a call, the system directs the call from the pay phone/debit 
phone to a called phone. The mobile switching center then detects when the call is 
successfully connected to the called phone. The system then checks the category code 
for the pay phone/debit phone making the call and sends a message to the pay 
phone/debit phone indicating that the called phone has been successfully connected and 
a charge rate which will be used during the call. The message is sent to the pay 
phone/debit phone in a standard cellular air interface message which is being used in a 
non-standard manner. The message contains information which allows the pay 
phone/debit phone to determine the charge rate. 

According to yet another embodiment of the present invention, a method for 
providing support for Charge Rate Order and Authentication and Privacy functions for 
20 pay phones/debit phones in a communications system is disclosed which sends control 
messages between base stations and said pay phones/debit phones on an analog channel, 
wherein each control message contains an Order Code, a Qualifier Code, and a 
Local/Message Type. A first group of combinations of Order Code, Qualifier Code, 
and Local/Message Type is used to identify Authentication and Privacy, while the 
25 remaining combinations of Order Code, Qualifier Code and Local/Message Type are 
used according to TACS Charge Rate Order. 



15 



30 
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BRIEF DESCRIPTION OF twr. np^ yrygx 

These and other features and advantages of the invention will be readily 
apparent to one of ordinary skill in the art from the following written description, used 
in conjunction with the drawings, in which: 
5 Figure 1 illustrates a mobile telephony communication system; 

Figure 2 illustrates a cellular communication system with cellular pay 
phones/debit phones according to one embodiment of the present invention; 

Figure 3 is a flow chart illustrating cellular pay phone/debit phone support with 
air interface messages; 

10 Figure 4 illustrates the signalling between a MSC, base station and a pay 

phone/debit phone according to one embodiment of the present invention; 

Figure 5 illustrates the signalling between a MSC, base station and pay 
phone/debit phone according to another embodiment of the present invention; 

Figure 6 illustrates the format of a Mobile Station Control Message Word on the 
15 Analog Voice channel; 

Figure 7 illustrates the format of Flash With Info words on the Analog Voice 
channel; 

Figure 8 illustrates the format of a digital Flash With Info message; 
Figure 9 is a flow chart describing the actions of the communications system 
20 according to one embodiment of the present invention; and 

Figure 10 is a flow chart describing the updating of the charge rate during a 

call. 

Figures 11 (a)-(c) illustrate Authentication and Encryption enabling/disabling 
processes; 

25 Figure 12 illustrates the first word of a Mobile Station Control message which is 

used to decide which action is to be performed by the MS; 

Figure 13 illustrates the codes for the mobile station Authentication and Privacy 
procedures according to IS-136 which coincide with Charge Rate Order; 

Figure 14 illustrates, among other things, the codes for the mobile station 
30 Charge Rate Order procedure according to TACS; and 
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Figure 15 illustrates a 10 bit charge rate qualifier word. 

DETAILED DESCRTPTTO|S{ 

Although the description hereinafter focuses on systems which comply with IS- 
136 and its predecessors (IS 54B, EIA 553, etc.), the principles of the present invention 
are equally applicable to a variety of wireless communication systems, e.g. cellular and 
satellite radio systems, irrespective of the particular mode of operation (analog, digital, 
dual-mode, etc.), the access technique (FDMA, TDMA," CDMA, hybrid 
FDMA/TDMA/CDMA, etc.), or the architecture (macrocells, microcells, picocells, 
etc.). As will be appreciated by one skilled in the art, the logical channel which carries 
speech and/or data may be implemented in different ways at the physical layer level. 
The physical channel may be, for example, a relatively narrow RF band (FDMA), a 
time slot and a radio frequency (TDMA), a unique code sequence (CDMA), or a 
combination of the foregoing. For purposes of the present invention, the term 
"channel" means any physical channel which can carryjspeech and/or data, and is not 
limited to any particular mode of operation, access technique or system architecture. 

Figure 2 illustrates a cellular communication system with cellular pay 
phone/debit phone support according to one embodiment of the present invention. In 
Figure 2, a pay phone/debit phone 22 communicates with a mobile switching center 26 
20 via a base station 24 in the same manner as a conventional cellular station. The mobile 
switching center 26 can be connected to a variety of other communication systems like 
the fixed public telephone network so as to allow the user of the pay phone/debit phone 
22 to contact any phone regardless of whether the phone is in the cellular system. 

As noted above, pay phones/debit phones like the ones illustrated in Figure 2 
25 require the cellular system to send the pay phone/debit phone information regarding 
how much to charge the customer for each time unit that has passed since the 
connection of the call. This is referred to as charge rate information. 

The invention will be further described with reference to Figure 3 which 
illustrates a flow chart for pay phone/debit phone support. In order to allow the MSC 
30 to distinguish regular phones from pay phone/debit phones, the pay phone/debit phones 



15 
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are assigned special codes when they are defined/activated in the MSC. In some 
systems, different types of phones are assigned to specific mobile charging (MCH) 
subscriber classes, e.g. MCH-0, MCH-1, etc.. Thus, for example, a regular subscriber 
which does not need charge rate information can be assigned to subscriber class MCH-0 
5 while pay phones/debit phones can be assigned to subscriber class MCK-2. The codes 
are stored in the MSC and can be referenced whenever a call is made. 

When a call is made from the pay phone/debit phone in step SI of Figure 3, the 
base station receives the call request and forwards the call request to the MSC. The 
MSC then forwards the call to the called phone in a known manner in step S2. The 

10 MSC then detects whether or not the call is answered in step S3. If the call is not 
answered, the call is disconnected in step S4. However, if the call is answered, the 
MSC checks the pay phone/debit phone's mobile charging subscriber class and 
determines the charge rate that needs to be employed by the pay phone/debit phone. 
The MSC then sends a signal to the base station indicating that the call has been 

15 answered and what charge rate to use for the call. The base station then sends the 
charge rate information to the pay phone/debit phone using standard cellular air 
interface messages in a non-standard manner in step S5. The pay phone/debit phone is 
then connected to the called phone once the charge rate has been accepted in step S6. 
Air interface messages have been designed to carry out specific functions or 

20 applications as set forth in various standards. In the present invention, some air 
interface messages are used for functions other than those assigned by the standards. 
Thus, the air interface messages are used in a non-standard manner. 

Suitable messages for use in a non-standard manner are those messages which 
can be used in a non-standard manner without disturbing the standard usage of the 

25 message. For example, the Calling Party Number mechanism or Voice Message 

Waiting mechanism can be used to send the charge rate information between the MSC 
and the base station. The base station will use the Flash With Info message on digital 
traffic channel or the mobile station control message on analog voice channel, both of 
which are standard cellular air interface messages, can be used to send the charge rate 

30 information between the base station and the pay phone/debit phone. 
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The Calling Party Number mechanism is normally used for sending the phone 
number of the calling party for display. The Calling Party Number information can be 
replaced by charge rate information if a code is added so the pay phone/debit phone can 
understand that this information is charge rate information. As illustrated in Figure 4, 
5 the MSC sends a signal to the base station wherein the Calling Party Number is 
replaced by a special string of characters and the charge rate. For the digital traffic 
channel the base station 42 then sends a Flash With Info message which contains the 
charge rate and the special string of characters in -the calling party number field to the 
pay phone/debit phone 44. 

10 For the analog voice channel, the base station 42 then sends a mobile station 

control message with the Order code Flash With Info and the charge rate and the 
special string of characters is contained in the character fields of the Flash With Info 
words. The special string of characters is a unique code that is not part of a regular 
phone number. An example of a special string of characters is "**#**#" and is needed 

15 to allow pay phone/debit phones to differentiate between Calling party Number and 
charge rate. In other words, the pay phone/debit phone" are programmed to interpret 
Calling Party Number as a charge rate information. 

Likewise, the Voice Message Waiting mechanism is normally used by the MSC 
in some cellular systems to notify a subscriber that a number of voicemail messages are 

20 waiting for retrieval. However, in the present invention, the Voice Message Waiting 
mechanism can be used to send the charge rate information to pay phones/debit phones 
as many times as needed. As illustrated in Figure 5, the MSC 50 sends a signal to the 
base station 52 wherein the Voice Message Waiting information is replaced by the 
charge rate. When on the analog voice channel, the base station 52 then sends a mobile 

25 station control message with order qualifier Voice Message Waiting to the pay phone 
54 wherein the charge rate is contained in the Message Type field. When on the digital 
traffic channel the base station 52 then sends a FWI message to the pay phone 54 
wherein the charge rate is contained in the Voice Message Waiting field. In other 
words, pay phones/debit phones are programmed to interpret Voice Message Waiting 

30 information as charge rate information. 
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There are several advantages with using existing Air Interface messages in a 
non-standard manner instead of implementing new messages to send the charge rate 
information to the pay phones/debit phones. First of all, development cost is lower 
since changes are only needed on the application level, while lower protocol levels do 
not need to be changed. In addition, as mentioned above, only the MSG, not the base 
stations, needs to be upgraded. The implementation may be made now without waiting 
for new revisions of the standard. Furthermore, the cost of the pay phone/debit phone 
is lower due to less processor load, less design complexity-,- and memory requirements. 
There is also a lower battery consumption in the phones due to a decrease in the 
processing that is required. Finally, using existing air interface messages in a non- 
standard manner will not seriously impact standard mobile stations if they receive this 
message by error. 

For analog voice channels, the Voice Message Waiting and the Flash With Info 
are both sent to the pay phone/debit phone using a mobile station control message 
whose structure is illustrated in Figure 6. The interpretation of the data fields of Figure 
6 is as follows: " 



TJ 2 


Type Field. Set to 10 in Word 1. Set to 01 in 
Word 2 and all subsequent words. Word 2 is sent 
after Word 1 only when the order is OHIO, a 
digital traffic channel assignment, or one of the 
following orders or order confirmation: 

• Base Station Challenge Order Confirmation 

• Unique Challenge Order 

• SSD Update Order 

• Alert With Info 

• Flash With Info 

• Release With Digital Control Chamiei 
Information 

• Release Complete 


sec 


SAT color code for new channel (see Table 
3.7.1-2). 


PSCC 


Present SAT color code. Indicates the SAT color 
code associated witht the present channel. 


DVCC 


Digital Verification Color Code 



20 
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There are several advantages with using existing Air Interface messages in a 
non-standard manner instead of implementing new messages to send the charge rate 
information to the pay phones/debit phones. First of all, development cost is lower 
since changes are only needed on the application level, while lower protocol levels do 
not need to be changed. In addition, as mentioned above, only the MSG, not the base 
stations, needs to be upgraded. The implementation may be made now without waiting 
for new revisions of the standard. Furthermore, the cost of the pay phone/debit phone 
. is lower due to less processor load, less design complexity, and memory requirements. 
There is also a lower battery consumption in the phones due to a decrease in the 
processing that is required. Finally, using existing air interface messages in a non- 
standard manner will not seriously impact standard mobile stations if they receive this 
message by error. 

For analog voice channels, the Voice Message Waiting and the Flash With Info 
are both sent to the pay phone/debit phone using a mobile station control message 
whose structure is illustrated in Figure 6. The interpretation of the data fields of Figure 
6 is as follows: •«■••• 



20 
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Type Field. Set to 10 in Word 1. Set to 01 in 
Word 2 and all subsequent words. Word 2 is sent 
after Word 1 only when the order is OHIO, a 
digital traffic channel assignment, or one of the 
following orders or order confirmation: 

• Base Station Challenge Order Confirmation 

• Unique Challenge Order 

• SSD Update Order 

• Alert With Info 

• Flash With Info 

• Release With Digital Control Chamiei 
Information 

• Release Complete 


sec 


SAT color code for new channel (see Table 
3.7.1-2). 


PSCC 


Present SAT color code. Indicates the SAT color 
code associated witht the present channel. 


DVCC 


Digital Verification Color Code 
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The interpretation of a mobile station control message is determined by an order 
field in the mobile station control message. In one embodiment, an order field set to 
10010 is interpreted to be a Flash With Info, while an order field set to 00101 is 
interpreted to be a Voice Message Waiting, but the present invention is not limited 
5 thereto. For the situation where the Voice Message Waiting is being used to send the 
charge rate information to the pay phone/debit phone, the charge rate information is 
contained in the Local/Message Type field. Thus, when a pay phone/debit phone 
receives a mobile station control message which is interpreted as a Voice Message 
Waiting, the pay phone/debit phone interprets the information contained in the 

10 Local/Message Type field as the charge rate information. Alternatively, for the 

situation where the Calling Party Number mechanism is used to transmit the charge rate 
information to the pay phone/debit phone, the charge rate information is placed in 
character fields in subsequent Flash With Info words. The structure of the Flash With 
Info words is disclosed in Figure 7. Thus, when a pay phone/debit phone interprets a 

15 mobile station control message as being a Flash With Info, the pay phone/debit phone 
will look to the character fields of the subsequent Flash With Info words so as to obtain 
the charge rate information. 

According to another embodiment of the present invention, the charge rate 
information can be contained within the Flash With Info words of a mobile station 

20 control message with Order Code Flash with Info and be indicated to the pay 

phone/debit phone using a different order qualifier code. The current Flash With Info 
order qualifier code is 000. However, according to the present invention, the pay 
phone/debit phone can be programmed in such a way that when it receives an order 
qualifier code which is not the appropriate code, for example, 001, the mobile station 

25 determines that the message contains charge rate information. In this embodiment, the 
base stations will have to be updated to set the new order qualifier codes as being 
indicative of the charge rate information. In this case the special string of characters 
used to indicate the charge rate is not needed. It will be understood by one skilled in 
the an that other order qualifier codes can be used to indicate charge rate information 
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so long as the order qualifier code is not the code which has already been assigned to a 
specific action. 

According to another embodiment of the present invention, charge rate 
information can also be sent on digital voice channels using available information 
5 element fields within the Flash With Info message. The format of the Flash With Info 
message is illustrated in Figure 8. As illustrated in Figure 8, the Flash With Info 
message contains a plurality of information elements. If the Voice Message Waiting 
mechanism is being used, the charge rate information is transmitted in the Voice 
Message Waiting information element of the Flash With Info Message. Alternatively, 
10 if the Calling Party Number mechanism is being used, the charge rate information is 
transmitted in the Calling Party Number information element field of the Flash With 
Info message. 

Alternatively, a new information element field can be added to the Flash With 
Info message which is specifically designed to carry the charge rate information. In 
15 this embodiment, the base stations will have to be updated to set the new information 
element field. 

The operation of the communication system will now be described with 
reference to Figure 9. In this embodiment, the mobile switching center detects that the 
pay phone/debit phone initiates a call to a terminal in step 100. The mobile switching 

20 center then forwards the call to the called terminal in a known manner. The mobile 

switching center then detects whether or not the call has been answered in step S102. If 
the call is not answered, the call is disconnected in step S104. If the call is answered, 
the mobile switching center calculates the charge rate information for the call in a 
known manner. The mobile switching center then determines whether to send the 

25 charge rate information to the pay phone/debit phone using either an analog voice 

channel or a digital traffic channel depending on the capabilities of the pay phone/debit 
phone and the capacity of the system in step Si 08. If the mobile switching center 
decides to send the charge rate information using an analog voice channel, the charge 
rate information is sent in a mobile station control message as described above, in step 

30 Si 10. However, if the mobile switching center decides to send the charge rate 
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information using a digital traffic channel, the charge rate information is sent to the pay 
phone/debit phone in a field of the Flash With Info message as described above, in step 
SI 12. In either case, the system determines whether the rate has been accepted by the 
user of the pay phone/debit phone, in step SI 14. If the rate is not accepted, the call is 
5 disconnected in step SI 16. However, if the rate is accepted, the mobile switching center 
connects the pay phone/debit phone to the called terminal in step SI 18. 

Furthermore, the charge rate may need to be changed during a call because of 
various parameters such as handoff, time of day, changed charging areas, etc. When a 
new rate is needed during a call, the base station sends a charge rate order to the pay 
10 -phone/debit phone using one of the methods described above and as illustrated in 
Figure 10. 

The Flash With Info and mobile station control message air interface messages 
can also be used to implement an "Advice of Charge" functionality within the cellular 
system. The "Advice of Charge" function allows the served pay phone/debit phone to 

15 be informed of the charge for a utilized service. The pay phone/debit phone can 

receive the Advice of Charge message at the beginning of each call and during the call 
if it is needed. The Advice of Charge message is sent to the pay phones/debit phones in 
the same manner that the charge rate information is sent to the pay phones/debit phones 
in the embodiments described above. When the pay phone/debit phone determines that 

20 it has received the Advice of Charge message, the pay phone/debit phone displays the 
charge information on a display screen. In most of the solutions described above, this 
can be done without updating the base stations. If the Calling Party Number 
mechanism is used and the Charge Rate (and the special string of characters) are sent as 
readable characters then no modifications are needed in existing mobile stations to 

25 display the Advice of Charge message. However, in the GSM system, the base station 
will have to be updated to provide this service. 

Also, in the present invention, in AMPS, the Mobile Station Authentication and 
Privacy messages are used in their standard manner for authentication and encryption 
purposes and in a non-standard manner to transmit the charge rate to the pay 

30 phones/debit phones. In TACS, the Mobile Station Control message is used in a 
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standard manner for charge rate purposes except for five specific code values (Fig. 13) 
which are reserved for Authentication and Privacy as specified in AMPS. 

As illustrated in Figures ll(a)-(c), the authentication and encryption functions 
can be performed in several manners on the analog voice channel in several states: 
5 waiting for order; waiting for answer; and conversation. In Figure 1 1(a). the Shared 
Secret Data (SSD) Update is used. SSD is a value that can only be calculated by the 
MSC and the specific MS and is used as a part of the Authentication procedure. First, 
the base station sends a SSD Update order to the mobile station. The mobile station 
calculates new Shared Secret Data and sends a base station challenge order to the base 

10 station. The base station confirms the base station challenge order and the mobile 
station sends a SSD Update order confirmation to the base station. In Figure 11(b), a 
Unique Challenge Response which is another part of the Authentication procedure. 
When the base station issues a Unique Challenge order, the mobile station executes the 
Unique Challenge Response procedure and transmits a confirmation signal to the base 

15 station. In Figure 1 1 (c), the base station issues a Message Encryption Order to 
activate/deactivate encryption and the mobile station acknowledges the Message 
Encryption Order. 

The mobile station control message is used to order the mobile station to 
perform specific functions. The first word of the mobile station control message has a 
format which is illustrated in Figure 12. The mobile station control message has a 
plurality of information elements such as an Order Code field, an Order Qualifier field 
and a Local/Message Type field. The Order Code field, the Order Qualifier field, and 
the Local/Message Type field identifies the message indicating a specific action. The 
Authentication process can use two of these code combinations, the message encryption 
25 process can use two of these code combinations and one code combination can be used 
in AMPS for disabling DTMF signalling. The Authentication and Privacy process 
refers to the action during which information is exchanged between a mobile station and 
a base station for the purpose of enabling the base station to confirm the identity of the 
mobile station (Figs. 11 a-b) or to enabling/disabling encryption (Fig. 11(c)) or 
30 disabling DTMF. The mobile station Authentication and Privacy order has specific 
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Order Codes of 10100, 10101, 10110, and 10111 with the Qualifier Code of 000, and 
the Order Code of 10111 with the Qualifier Code of 001 as illustrated in Figure 13. 
The different Authentication and Privacy Order Codes (e.g. 10100, 10101. 10110, and 
10111) and the different Qualifier Codes (000, 001) and the Message Type (00000) are 
5 used to distinguish between the five different Authentication and Privacy procedures 
which the mobile station has been programmed to perform. Figure 14 illustrates a table 
of Order Codes and Qualifier Codes and their associated functions. 

According to the present invention, charge rate information can be sent to the 
pay phones/debit phones using the codes specific for TACS CRO so long as the two 
10 least significant digits of the Order Code, the entire Qualifier Code and Local/Message 
type do not correspond to the two least significant digits of the Order Code, the entire 
Qualifier code and Local/Message Type assigned to the AMPS Authentication and 
Privacy process. As set forth in Figure 13, the Local/Message Type is 00000 and the 
Qualifier Codes for all of the Authentication and Privacy messages are 000 and in one 
15 case 001 . Thus, the charge rate information can be sent to the pay phones/debit phones 
using an order code (101XY) as long as the Order Code, Qualifier Code, and the 
Local/Message Type do not have one of the 5 values illustrated in Figure 13. The bits 
XY of the Order Code and the bits in the Qualifier Code and the Local/Message Type 
are interpreted by the pay phone/debit phone as a charge rate information. For 
20 example, as illustrated in Figure 15 , the 10 bit charge rate qualifier word formed by the 
XY bits of the Order Code, the 5 bits of the Local/Message Type and the 3 bits of the 
Qualifier code can represent a number from 0 to 1023 and indicate the number of tenths 
of seconds purchased for one credit unit, wherein the value zero represents a free call. 
There are several advantages with using existing air interface messages in a non- 
25 standard manner instead of implementing new messages to send the charge rate 

information to the pay phone/debit phone. First of all, developmental cost is lower 
since changes are only needed on an application level, while lower protocol levels do 
not need to be changed. In addition, as mentioned above, the base stations do not need 
to be upgraded only the MSC needs to be upgraded. Furthermore, the cost of the pay 
30 phone/debit phone is lower due to less processor load, less design complexity, and 
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memory requirements. Finally, there is a lower battery consumption in the phones due 
to less processing being required. 

It will be appreciated by those of ordinary skill in the art that the present 
invention can be embodied in other specific forms without departing from the spirit or 
5 central character thereof. The present disclosed embodiments are therefore considered 
to be illustrative and not restrictive. The scope of the invention is indicated by the 
appended claims rather than the foregoing description and all changes which come 
within the meaning and range of equivalents thereof are intended to be embraced 
therein. 
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WHAT IS CLAIMED TS- 

1. A communications system which provides support for at least one cellular 
pay phone/debit phone, comprising: 

cellular control means for providing cellular communication services to said pay 
5 phones/debit phones so as to allow the pay phones/debit phones to communicate -with 
other phones; 

means for calculating a charge rate for a call being made by a pay phone/debit 

phone; 

means for sending said charge rate to said pay phone/debit phone in a standard 
10 air interface message which is being used in a non-standard manner and which contains 
information which allows the pay phone/debit phone to determine the charge rate. 

2. A communications system according to claim 1, wherein said charge rate is 
sent to said pay phone/debit phone on an analog voice channel using a mobile station 

15 control message with Order Code. 

3. A communications system according to claim 2, wherein said Order Code is 
a Voice Message Waiting. 

20 4 - A communications system according to claim 2, wherein said charge rate is 

contained within Local/Message Type field within said mobile station control message. 

5. A communications system according to claim 2, wherein said Order Code is 
a Flash With Info. 

25 

6. A communications system according to claim 2, wherein said charge rate is 
contained in character fields of the Flash With Info. 

7. A communications system according to claim 6, wherein a special string of 
30 characters is inserted at the beginning of the character field and the charge rate is 



WO 98/28903 



CT/SE97/02212 



-19- 

contained in the remaining characters of the character field, wherein said special string 
of characters alerts said pay phone/debit phone that the mobile station control message 
contains said charge rate. 

5 8. A communications system according to claim 6, wherein an order qualifier 

code indicates that the character field contains a charge rate. 

9. A communications system according to claim.2, wherein said air interface 
message is a Message Waiting Order message. 

10 

10. A communications system according to claim 9, wherein said charge rate is 
contained within an order qualifier field within said Message Waiting Order message. 

11. A communications system according to claim 2, wherein said air interface 
15 message is a Flash With Info message. 

12. A communications system according to claim 11, wherein said charge rate 
is contained in character fields in the Flash With Info message. 

20 13 ■ A communications system according to claim 11, wherein an order qualifier 

field within the Flash With Info message indicates a charge rate. 

14. A communications system according to claim 1, wherein said charge rate is 
sent to said pay phone/debit phone on a digital voice channel. 

25 

15. A communications system according to claim 14, wherein said charge rate 
is transmitted in an information element of a Flash With Info messaae. 
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16. A communications system according to claim 14, wherein said charge rate 
is transmitted in a Voice Message Waiting Information element of a Flash With Info 
message. 

5 17. A communications system according to claim 14, wherein said charge rate 

is transmitted in a Calling Party Number information element of a Flash With Info 
message. 

18. A communications system according to claim 17, wherein a special string 
10 of characters is inserted at the beginning of the Calling Party Number field and the 
charge rate is contained in the remaining digits of the Calling Party Number field, 
wherein said special string of characters alerts said pay phone/debit phone that the 
Flash With Info message contains said charge rate. 

15 19 - A communications system according to claim 1, wherein said charge rate 

information is displayed on a display screen on said pay phone/debit phone. 

20. A method for providing support for both Authentication and Privacy 
functions and sending charge rates for pay phones/debit phones in a communications 

20 system which sends control messages between base stations and said pay phones/debit 
phones on an analog channel, wherein each control message comprises an Order Code, 
a Qualifier Code and a LocaVMessage Type, comprising the steps of: 

assigning a first group of combinations of Order Code, Qualifier Code and 
Local/Message Type to said Authentication and Privacy; and 

25 assigning a second group of combinations of Order Code, Qualifier Code and 

Local/Message Type to sending said charge rates, wherein said first and second groups 
are mutually exclusive. 
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2L The method of claim 20, wherein said pay phones/debit phones interpret the 
two least significant digits in the Order Code and the entire Qualifier Code and 
Local/Message Type in said second group as a charge rate information. 

5 22. A method for providing support for Authentication and Privacy functions in 

a communications system which supports charge rate order functions using control 
messages in a standard manner on analog channels; wherein each control message 
contains an Order Code, a Qualifier Code and Local; comprising the steps of: 

assigning a first group of combinations of Order Code, Qualifier Code and 
10 Local for transmitting charge rate information to pay phones/debit phones using said 
control messages in a standard manner; and 

assigning a second group of combinations of Order Code, Qualifier Code and 
Local for transmitting Authentication and Privacy information to said pay phones/debit 
phones using said control messages in a non-standard manner. 

15 

23. The method of claim 22, wherein said pay phones/debit phones interpret the 
two least significant digits in said Order Code and the entire Qualifier Code and Local 
in said first group as a charge rate information. 

20 24. A method for providing support for charge rate order functions in a 

communication system with pay phones/debit phones, said communication system also 
supporting Authentication and Privacy functions using control messages in a standard 
manner on analog channels, wherein each control message contains an Order Code, 
Qualifier Code and Local/Message Type, comprising the steps of: 

25 assigning a first group of combinations of Order Code, Qualifier Code and 

Local/Message Type for transmitting Authentication and Privacy information to said 
pay phones/debit phones using said control messages in a standard manner; and 

assigning a second group of combinations of Order Code, Qualifier Code and 
Local/Message Type for transmitting charge rate information to said pay phones/debit 

30 phones using said control messages in a non-standard manner. 
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25. A method for providing support for charge rate order functions according 
to claim 24, wherein said pay phones/debit phones interpret two least significant digits 
in said Order Code and the entire Qualifier Code and Local/Message Type in said 
second group as a charge rate. 

5 

26. A communications system which provides support for pay phones/debit 
phones, comprising; 

communication control means for providing communication services to pay — 
phones/debit phones within a defined area using control messages on an analog channel, 
10 said control messages comprising an Order Code, a Qualifier Code, and a 
Local/Message Type; 

means for assigning a group of combinations of Order Code, Qualifier Code and 
Local/Message Type which indicate that the control message contains a charge rate 
order or Authentication and Privacy; 
15 means for calculating a charge rate for a call being made by a first pay 

phone/debit phone; and 

means for sending said charge rate to said pay phone/debit phone using a control 
message with the two least significant bits in the Order Code and the entire Qualifier 
Code and Local/Message Type. 

20 

27. A communication system for providing support for both Authentication and 
Privacy functions and sending charge rates to pay phones/debit phones, comprising: 

means for sending control messages between base stations and said pay 
phones/debit phones on an analog channel, wherein each control message comprises an 
25 Order Code, a Qualifier Code and a Local/Message Type; 

means for assigning a first group of combinations of Order Code, Qualifier 
Code and Local/Message Type to said Authentication and Privacy; and 

means for assigning a second group of combinations of Order Code, Qualifier 
Code and Local/Message Type to sending said charge rates, wherein said first and 
30 second groups are mutually exclusive. 
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28. A method for providing support for both Authentication and Privacy 
functions and sending charge rates for pay phones/debit phones in a communications 
system which sends control messages between base stations and said pay phones/debit 
phones on an analog channel comprising the steps of: 

assigning a first group of combinations of control codes to said Authentication 
and Privacy; and 

assigning a second group of combinations of control codes to sending said 
charge rates, wherein said first and second groups are mutually exclusive. 
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